Graphite/ Polyimide Composites 
Subjected to Biaxial Loads at 
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We Were a Part of These Efforts!!! 
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hot-fire testing at ATK-GASL. This testing concludes a three year collaboration 
between NASA Glenn and Boeing to design, fabricate and test the support structure 
and fulfills a GPRA (Government Performance Reform Act) milestone for the 
UEET (Ultra-efficient Engine Program). The support structure was prepared from a 
high temperature composite material, PMR-II-50” 
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M. Gentz, et al., I n-Plane Shear Testing of Woven Graphite/ Polyimide Composites with Medium and Higl 
Modulus Graphite Fibers at Room and 316°C Temperatures, Composites Science and Technology, Vol. 6 
(2004) pp. 203-220. 


Graphite/ Polyimide Composites 
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Biaxial Shear Dominated Strength of 
8HS T650-35/ PMR-15 System 

There are numerous shear test methods for 
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Macroscopic FEM Models of ±45° Tensile 
and I osipescu Shear Tests 
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SEM Analysis (Stages of Damage in 
8HS T650-35/ PMR-15) 
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Visco- Elastic Meso- & Micro- 
Modeljng of 8HS T650-35/ PMR-15 
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P. Rupnowski and M. Kumosa, Meso- and Micro- Stress Analyses in an 8HS Graphite/ Polyimide Woven 
Composite Subjected to Biaxial I n- Plane Loads at Room Temperature, Composites Science and Technology, 
Vol. 63 (2003) pp. 785-799. 


Visco-Elasto- Plastic Meso- Micro Modeling 
of 8HS T650-35/ PMR-15 



P. Rupnowski, M. Gentz and M. Kumosa, Mechanical Response of a Woven Graphite/ Polyimide Composite to 
In-Plane Shear Dominated Biaxial Loads at Room and Elevated Temperatures , _Acta Material ia, Vol. 52, No. 
19 (2004) pp. 5603-5613. 


Meso- & Micro- Stress Distributions in 8HS 
T650-35/ PMR-15 
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Case 1 (AT only) on 
cooling 

Case 2 (AT+TX) 

Case 3 (AT+TZ) 

Case 4 (AT+S) I 
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Case 6 (AT+TX+S) 

Case 7 (AT+TZ+S) 

Case 8 (AT+TX+TZ+S) 
+/- 45 deg test 


AT residual stresses, TX(Z) applied in-plane tensions along the warp and fill 
tows, S in- plane shear with TX=TZ= S= lOOMPa 


Visco-Elasto- Plastic Meso- Micro Modeling 
of 8HS T650-35/ PMR-15 
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An Evaluation of Elastic Properties and Coefficients 
of Thermal Expansion of Graphite Fibers 
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P. Rupnowski, M. Gentz, J . K. Sutter and M. Kumosa, An Evaluation of the Elastic Properties and Thermal 
Expansion Coefficients of Medium and High Modulus Graphite Fibers, Composites Part A; Applied Science 
and Manufacturing, Vol. 36 (2004) pp. 327-338. 


T650-35, M40J , M60J ; Elastic Properties 
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P. Rupnowski, M. Gentz, J . K. Sutter and M. Kumosa, An Evaluation of the Elastic Properties and Thermal 
Expansion Coefficients of Medium and High Modulus Graphite Fibers, Composites Part A; Applied Science and 
Manufacturing, Vol. 36 (2004) pp. 327-338. 


Eshelby/ Mori-Tanaka Approach 


i 



0 

1 
I 

w 

I 

y 

+ 


u 

I 

y 

c? 

I 

u' 



§ 

$ 

+ 




0 

1 
I 

Co 

I 

Co 




O 

I 



i ^ 

O 



II 



$ 


■o 

c 

re 

i 

W 

a 

E 

o 

u 

S2 

% 


« 


re 

E 


12 

E 

w^m 

0 


£ 

U) 

111 

d 

Q) 


£ 

Q) 


in 

0> 

u 


m 

E 

in 

in 

o 

£ 

fc 

t! 

0) 


£ 

■D 
■ ■■ 

<U 


in 


■o 

£ 

fC 

a 

$ 


u 

"4 

^ jj 


= in 
in — 


o 

e 

s 

X 

£ 

E 

3 

O 

U 

0) 


> a <u 


t 

a; 

in 

in 

a 


S ^ 


m 

Vj 

$ 

■o 

£ 

IB 

s 

« 6 

K. 

$ 


matrix and composite, respectively 
f„ is the volume fraction of fibers 


Macro- to Micro-Approach 
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P. Rupnowski, M. Gentz, J .K. Sutter and M. Kumosa, An Evaluation of Elastic Properties and Coefficients of Thermal Expansion of Graphite 
Fibers from Macroscopic Composite I nput Data, Proceedings of the Royal Society, Vol. 461 (2005) pp. 347-369. 


T650-35, M40J , M60J ; "Final" Estimates 


CTE 

(trans.) 

10- 6 / K 

13.3 
± 0.8 
(7.8) 

8.7 
± 1.6 

18.0 
± 4 

CTE 

(long.) 

10- 6 / K 

-1.16 
± 0.05 
(-.84) 

-2.0 
± 0.1 
(-.83) 

-2.0 
± 0.2 
(-1.1) 

fM 

H 

4- 

> 

0.44 
± 0.02 
(0.29) 

0.22 
± 0.05 

l 

m ro 

C 0. 

13 o 

5.8 
± 0.4 
(5.0) 

3.9 
± 0.1 

l 

cl 

13 O 

21.1 
± 1.1 
(23.1) 

20.8 
± 2 

l 

cm rc 

a o. 

in o 

15.4 
± 0.5 
(13.8) 

10.8 
± 0.3 

. 10 

2 ® 
01 +i 

pH Tff 

d o- 
in o 

224 
± 3 
(243) 

325 
± 19 
(377) 

500 
± 2 
(588) 

■ 

T650- 

35 

M40J 

M60J 


() from literature 


Macro- to Micro-Approach; Limitations 
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The methodology also works very well with 
thermal expansions of graphite fibers. 


X-Ray Diffraction Tests on T650-35/ PMR-15 
Composites with Embedded I ndusions 
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X-Ray Diffraction Tests on T650-35/ PMR-15 
Composites with Embedded I nclusions 




X-Ray Diffraction Tests on T650-35/ PMR-15 
Composites with Embedded I ndusions 




Embedded Al inclusions between Embedded Al inclusions between 

woven plies unidirectional plies 





I nterlaminar Residual Stresses in 8HS 
T650-35/ PMR-15 Composite 
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Residual interlaminar stresses in 8HS T650-35/ PMR-15 (no external loads 

and no aging) 


X-Ray Diffraction Experiments on Graphite 
Fiber/ Polyimi de Composites Subjected to Aging 
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Our New Model of Aging in Nitrogen 



Our model has not yet been presented to this 
community. 


The Mechanical Response of Eight Harness Satin 
(8HS) Woven T650-35/ PMR-15 Aged in Nitrogen 
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numerically predicted on a meso- scale using 
the concept of a unit cell. 


The Mechanical Response of Eight Harness Satin 
(8HS) Woven T650-35/ PMR-15 Aged in Nitrogen 
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strength and stiffness of the composite 
were measured as a function of aging time 
using the ±45° tensile test. 
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Viscoelastic Properties of PMR-15 
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• An aging model without age stiffening would underestimate the 
aging stresses in the composite approximately by a factor of two. 
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the aging time started. From the twenty specimens 
four specimens each were aged at 288, 624, 958, 
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During the ±45° tests, acoustic emission 
was monitored by a D9215 sensor from 
Physical Acoustic Corp. ( PAC) 


Aging Experiments 
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I as a function of aging time at 315°C. 


Aging Experiments 
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Aging did not affect noticeably the onset of intralaminar damage. 


Modeling 
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Modeling Results 
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) not yet experimentally verified). 1000 hours. 
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Our numerical predictions agreed well with the 
experimental results. 


